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FOREWORD 

This is the final progress report under National Aeronautics and 

Space Administration (NASA) Contract No. NASw-24 entitled, "Measurement 

of Composition and Energy Spectrum of Pr imary Cosmic Radiation. 'I Work 

under this contract wae initiated during May 1959. 

The breadth of the work statement contained in Contract NASw-24 

has allowed a ser ies  of developments which would not otherwise have been pos- 

sible, thus providing for the University and NASA a highly profitable working 

arrangement. The cooperatiorr and s ~ p p s r t  of NASA personnel i s  greatly ap- 

preciated. 

The preliminary equipment developed under this contract was fl ight-  

tested under Contract No. AF 29(600)-1759 with the Aeromedical Field Lab- 

oratory of Holloman Air Force Base. 

The University of Chicago personnel who have participated in this pro- 

gram include: B.E. Arneson, L. Bess, L.M. Biberman, C.M. Cohn, C.Y. 

Fan, G. Gloeckler, W . P .  Harvey, E.L.  Hubbard, J . E .  Lamport, P. Meyer, 

R. M. Natkin, M. A. Perkins,  L. J. Petraitis, D. L. Sachs, J. A. Simpson, 

R.M. Takaki, A. J. Tuzzolino, W.A. Van Zeeland, and G. C. Wang. 
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1. INTRODUCTION 

The pr imary cosmic-ray particles consist of protons, alpha particles,  

and nuclei of higher atomic number. 

charge and energy of these particles. The equipment required to obtain this 

information must be carr ied by some vehicle to high altitudes to remove the 

effects of theear th 's  atmosphere and magnetic field. 

classify the particles,  and (2) preprocess, s tore ,  and transmit the data to  the 

ground. The objective of this project has been to design and construct such 

eq-dpmznt for particles whose energies lie in the range between 10's  of Mev 

per nucleon and about 300 o r  400 Mev per nucleon. When this program was 

started much of the theoretical and experimental information was already 

available f rom baIloon-brne experiments performed ear l ie r  at the Enrico 

Fe rmi  Institute for Nuclear Studies. 

gram was begun to improve detection techniques, to develop pulse-height anal- 

ysis circuitry suitable for use in satellites, and to study the techniques for on- 

board computation and storage of the information generated by the pulse-height 

analysis circuitry. 

Much information is needed about the 

It must (1) detect and 

With this experience as a basis,  a pro- 

Systems using CsI scintillators and Cerenkov radiators and pulse- 

height analysis circuitry were developed to detect and classify both low and 

high-energy particles. 

with the Aeromedical Field Laboratory of Holloman Air Force Base. 

sults of these tes ts  a r e  presented herein. 

This equipment was  flown on balloons in cooperation 

The re -  

A prototype instrument in which gold-coated silicon semiconducting 

wafers a r e  used to measure the low-energy proton f l u x  was developed and pro- 

duced fo r  use in the Atlas-Able-5 vehicle, which failed at launch. 

equipment of a more complex design has been prepared under another contract 

for  the Ranger I and I1 vehicles. 

Similar 

2. DETECTION TECHNIQUES 

The investigation of detection techniques was divided. The pr imary 

effort  was  directed toward designing detection devices using CsI scintillators 

and Cerenkov detectors. 

ductor devices which might be used as  direct detectors. 

The secondary effort  was an investigation of semicon- 

A cosmic-ray particle is approximately characterized by its charge or  
These quantities a r e  implicit in the rate mass  number and i ts  kinetic energy. 
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of energy loss in matter.  The kinetic energy is ameasure  of mass and veloc- 

ity. 

tem employing a pair of scintillators, one designed to present a density small 

enough to permit passage of the particle through its volume and the other de- 

signed to present sufficient density to bring the particle to res t .  

whose energy i s  above about 500 Mev per nucleon, a measure of the kinetic 

energy may be obtained from the quantity of Cerenkov radiation emitted in an 
optically c lezr  rn-aterial of suitable refractive index (n 2 1. 5).  
the energy and charge or  approximate mass can be determined by the solution 

of the simultaneous equations: 

Both energy loss ra te  and total kinetic energy may be measured by a sys-  

For  particles 

Therefore, both 

in which 

Z =  
e =  

V =  
m =  

M =  0 

dy = 

n =  

h =  

c =  

P =  

Mo cv 2 2  2 E = 1/2 MOV Qve? the range 

2 2 2  

2 
dN -   IT Z e 

dL h c  
_._ 

charge on the incoming particle 

charge of the electron 

particle velocity 

electron mass  

r e s t  mass  of the incoming nucleus 

number of electrons/cm3 in the absorber 

average ionization potential of the absorber in ergs  

the number of photons emitted per  unit path length 

the light frequency range 

refractive index of the Cerenkov radiator 

Planck Constant 

velocity of light. 

ratio of particle velocity to velocity of light. 
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Simultaneous solution of Eqs. (1) and (2) above applies to those parti- 

cles which a r e  stopped within the scintillator telescope, i. e. , nuclei having 

less  than 500 Mev per nucleon. 

Simultaneous solution of Eqs. (1) and ( 3 )  applies to relativistic parti-  

cles. 

The quantities which must be measured, then, a r e  the energy and 

the energy loss rate.  It is possible to obtain these quantities by the combinations 

of scintillation counters, Cerenkov radiators, and/or semiconductor (AuSi) de- 

tectors.  
m, i n e  use of scintillating materials such a8 C s i  arid N a i  coupled io photo- 

multiplier tubes is a proven technique for nuclear pulse-height analysis. 

The use of the materials has been extended to balloon flight applications in 

which pulse-height data have been registered photographically or transmitted 

directly in binary form. 

2 . 1  LABORATORY INSTRUMENTATION FOR CALIBRATION 
O F  DETECTOR MATERIALS 

The detector characteristics for the cosmic-ray monitoring equip- 

ment were evaluated experimentally by using the 200-channel pulse-height 

analyzer shown in Fig. 1 which was purchased under Contract No. NASw-24. 

With this unit, it is possbile to obtain the energy resolution characterist ics of 

the scintillator crystals , Cerenkov radiator materials,  and the AuSi detector. 

In measurements involving scintillators and Cerenkov radiators , the hard 

component of cosmic radiation used to  calibrate the detectors i s  separated 

f rom the soft component by forcing the radiation to pass through a 5-cm thick 

lead brick,  as shown in Fig.  2. A pair of plastic scintillators in a coincidence 

arrangement define the acceptance angle for the detector crystal  under test. 

The output of this twofold coincidence telescope, in the form of a shaped gating 

pulse, i s  applied to the prompt coincidence input to insure that only those parti- 

cles passing completely through the telescope a r e  analyzed. 

obtainable under these conditions i s  approximately one per  3 to 6 minutes. A 

t es t  run requires f rom 40 to 100 hours of continuous data collection to ensure 

sufficient statistical reliability. 

particle emitters such as Cm242, Cm244, and Po2''. 

been used, the f i r s t  to determine the energy resolution of the detector (Fig. 2) 

and the second to determine the detection threshold for the system including 

The count ra te  

To date, the calibration of the AuSi detector has been through use of 

Two procedures have 
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Figure 1. The 200-Channel Pulse Height Analyzer Installation 
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detector, amplifier, and discriminator. The latter determination is a func- 

tion of the combination of detector and electronic characterist ics.  

present time the energy threshold is limited by the noise inherent in the trans- 
istorized electronic circuit design. 

At the 

2 . 2  LOW-ENERGY DETECTOR SYSTEM 

Figure 3 is a cross-sectional view of a system to detect particles of 

The unit consists of three scintil- energy between 50 and 500 Mev/’nucleon. 

lator elements and their associated photomultiplier tubes. 

cident particles first pass through the 1/32 in. thick thallium-activated 

cesium-iodide scintillator (detector 1). 

of energy loss. 

In this system in- 

This scintillator measures  the rate  

The 3-cm thick cesium-iodide scintillator (detector 2) measures  total 

energy. 

by their respective photomultiplier tubes whose outputs a r e  applied to  the 

pulse-height analysis systems discussed in section 3. 

The light pulses f rom the two cesium-iodide scintillators a r e  viewed 

The plastic scintillator (detector 3) surrounds the large cesium-iodide 

crystal  and is in anticoincidence with the other two detectors. 

particles below the desired energy range will be rejected on the basis of a 

coincidence requirement between the cesium-iodide scintillators, while those 

above and those which enter at an angle not acceptable to the telescope will be 

rejected by the output of the plastic scintillator. 

Thus, those 

2 .3  HIGH-ENERGY DETECTOR SYSTEM 

The detector system for particles of energy between 400 Mev and 10 

Bev/nucleon is shown in c ross  section in Fig. 4.  

i s  a 1/16-in. thick thallium-activated cesium-iodide energy loss ra te  scintillo- 

meter  (detector 1) which provides information on the specific ionization of the 

incoming particle. 

cidence crystal  which defines the solid angle of the telescope such that only par- 

ticles passing through this scintillator a r e  counted. 

detector is a Cerenkov radiator (detector 3) .  

function of the velocity and the square of the charge. 

energy loss  ra te  scintillometer together with the pulse from the Cerenkov 

counter allow the determination of the particle charge and energy. 

The f i r s t  detector element 

The second detector element (detector 2) is a plastic coin- 

The third element of the 

Output f rom this radiator is a 

Thus, the pulse f rom the 

The basic date-handling circuitry fo r  this detector system is the same 

LAS-TR-E165-7 6 
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a s  for  the low-energy system. 

2.4 GOLD-SILICON DETECTORS 

At the time work on this contract was begun, the available semicon- 

ductors had extremely small a reas  which precluded their use as  heavy parti-  

cle detectors because of the low density of the heavy component f lux.  

ever ,  in ear ly  1960, Oak Ridge National Laboratories announced a gold-coat- 

ed silicon semiconductor wafer having a surface ba r r i e r  which could be made 

in a variety of s izes  and shapes. That ?aber&ory generously supplied samples 

of the detectors and information about their manufacture. 

then proceeded to adapt the detectors for the cosmic-ray program. These 

detectors". can be used to measure either total energy or  energy loss  rate. 

They possess better energy resolution capability than that usually obtainable 

f rom scintillator crystals and may have sufficient surface a rea  to provide de- 

sirable data rates.  Recent work at Oak Ridge and here  at The University in- 

dicates that the effective thickness of the active depletion region may be var- 

ied as a function of applied voltage, allowing essentially the total bulk of the 

silicon wafer to be effective, if this is desired. Thickening the depletion lay- 

e r  ra ises  the upper energy cutoff of the detector by providing a longer active 

ionizing path for signal contribution. F o r  measuring tdtal particle energy, it 

appears feasible to use the gold-silicon detector as  a photodiode in the tele- 

scope. 

How- 

The University 

.tr 

The present indication is that the detector is capable of detecting a 
minimum of 20 to 30 Mevof energy loss within a CsI crystal .  

possible to replace the photomultiplier with a more rugged and less  bulky ele- 

ment. Further work remains to be done in this a rea  before a final choice may 

be made. 

Thus it may be 

The height of the output pulse from the gold-silicon detector varies with 

the applied voltage and inversely with the a rea  of the surface because of the 

detector's capacitance. Thus for use as a photodiode, a small detector should 

be efficiently coupled to  a relatively large scintillator. 

.I, -4- 

Takaki, R..,,: M. Perkins,  and A. Tuzzolino: "A Gold-Silicon Surface- 
Barr ie r  Proton Range Telescope.'' (to be published in the -- Proc. IRE). 
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Calculations of pulse-height a s  a function of detector a rea  indicate that 

for the heavier nuclei the produced ion density i s  sufficient to allow use of rei- 

atively large-area detectors (several  square cm) while retaining adequate sig- 

nal-to-noise ratio for good pulse-height analysis. 

The development of the AuSi detector has resulted in prototype instru- 

mentation for the measurement of low-energy proton flux in the energy range 

0.5 to 10 MeV. 

one and two chazmel capability. 

information storage capacity of current payloads. 

The f i r s t  prototypes of those units were designed to provide a 

This restriction was due to the limitations in 

The first of these units was 
rl. -4- 

dex-reloped for fl inht in the  ,AAble- 5 5  x~eh ic le ,  in y.rhicl., =Re A ; m ; t ~ l  xrrnw.;) was 
6"' "6'"--' "'U 

made available f rom the two allocated t o  the cosmic-ray telescope. 

strument utilized a single AuSi detector in an epoxy mounting and was design- 

ed to cover the energy range f rom 0.5 t o  1 0  Mev in one step. No performance 

information i s  available for space operation due to the failure of the Able-5B 

at launch. 

yield valuable data for the further improvement of the detector element for op- 

eration in a space environment. 

This in- 

However, the type approval and acceptance tests of the unit did 

Further development of detector fabrication and mounting techniques 

has led to a capability of providing a multielement range telescope consisting 

of a stacked ser ies  of AuSi detectors having little or  no absorptive backing. 

With a two-element telescope of this type which has been developed for  the 

Range vehicle it is now possible to obtain the proton flux over the energy 

range 0.5 to 5 Mev and 5 to 10  MeV, exclusive of electron and gamma back- 

ground. 

:;< >k 

Flight models of the two instruments described above a r e  shown in 

Figs. 5 and 6. 
been presented in previous quarterly reports (LAS-QR-E165-5 and 6). 

Detailed operational characteristics of the instruments have 

The use of the AuSi detector in applications where pulse-height anal- 

ysis is possible offers anumber  of advantages. Figure 7 shows the energy 

resolution capability of a representative detector fabricated at the University. 

An alpha-particle source composed of 10% Cm242 and 90% Cm244 was used 

rlr '4% 

Flight instrumentation for the Able-5B was prepared under Contract 
No. NASw-24. 

::: :;< 
Flight instrumentation i s  being provided under separate funding for 

the Ranger vehicles. 

10 LAS - T R- E 16 5 - 7 



Figure 5. Resultant Type Approval Unit for Able-5 Instrumentation 
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to obtain this curve, which represents a capability in excess of that presently 

maintained in the electronic circuitry. 

better resolution in many other cases. 

It has been possible to  obtain even 

3. DATA HANDLING 

3.1 PULSE-HEIGHT ANALYSIS 

r;Qncl,zrr&ly with the d&ectnr &T.r&pm*ent, pldse-height 2z~lysis cir- 
cuitry suitable for satellite use was developed. 

circuit containing germanium components for use in the balloon-borne tests.  

Subsequent effort has been toward an orderly transfer to circuitry utilizing sil- 

icon components to achieve thermal stability over a greater range and a mini- 

mum loss in system speed. 

The first effort produced a 

Each detection system requires two channels of pulse-height analysis- 

The block diagram of the circuitry as- one for each of the f i r s t  two crystals. 

sociated with the low-energy detector system i s  illustrated in Fig. 8. 
output of detectors 1 and 2 for the low-energy unit represents the energy loss 

ra te  and total energy scintillometers, respectively, while detector 3 i s  the 

anticoincidence l imiter for the system. 

The 

In the low-energy detection system the pulses produced by detectors 1 

and 2 a r e  applied to the respective preamp-range switch combinations shown in 

Fig. 9. If either o r  both of the pulses exceed a predetermined level, then the 

range switch in the appropriate channel, o r  channels, is activated to attenuate 

the pulse, thus extending the dynamic range of the system. 

The pulses a r e  then passed from the preamp-range switch through elec- 

tronic gates which a r e  normally se t  to  pass signals. 

tive gates a r e  then applied to the parallel channels of the pulse-height analyzer, 

and also into identical discriminator circuits. 

discriminators establish the minimum pulse height to which the system will r e -  

spond. 

occur only if  the inputs a r e  coincident in time. 

coupled through an anticoincidence gate to the 15-microsecond one-shot multi- 

vibrator. 

Outputs f rom the respec- 

The trigger sensitivities of the 

The two discriminators feed a coincidence circuit in which an output will 

The coincidence pulse i s  then 
I 

This gate will  pass the coincidence pulse unless there should also be 
I 
l 
I 

a pulse occurring at  the output of detector 3. Thus, if there is an output f rom 

I detectors 1 and 2, but not 3 ,  the 15-microsecond one-shot multivibrator will be 

triggered. 

stretching circuit in the pulse-height analyzer. 

This one-shot multivibrator, therefore, sets  the width of a pulse- 

It wil l  be noted that an output 

I LAS-TR-E165-7 14 
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Figure 9. Preamp and Range Switch Assembly 
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of the one-shot multivibrator is also applied through an rlorl '  circuit  to 

change the state of a Schmidt trigger circuit which serves  to gate-off the 

inputs to channels 1 and 2 ,  thus preventing any further pulses f rom entering 

the system during the 15-microsecond interval. 

The signal pulses have been applied to a pulse-stretching circuit  

through a 1/2-microsecond delay line to ensure that the 15-microsecond 

pulse has  reached essentially full voltage prior to the application of the sig- 

nal p d s e .  The stretched pulses have an amplitude proportional to the input 

pulse and a duration of approximately 15-microseconds. During the interval 

cf t h e  stretched i;';?se, a precision eapaciiaior is charged to the  voltage level 

of the stretched pulse. 

t ransis tors  as switching elements. 

the capacitor is switched into a discharge circuit  to produce an essentially 

linear ramp function. 

the state of another Schmidt trigger circuit which recovers as  the ramp function 

passes through the reset  level. 

by the tr igger circuit is governed entirely by the height of the ramp which, in 

turn,  is directly proportional to the height of the original signal pulse, thus 

providing a conversion from pulse height to time. 

The circuit in which this is accomplished employs 

At the end of the 15-microsecond interval 

The abrupt step at the leading edge of the ramp changes 

The duration of the rectangular pulse produced 

This rectangular pulse is used to gate a timing oscillator. 

occuring in a given burst  a r e  stored in a 5-place binary scaler  permitting 

identification of 31 increments in pulse height. 

range switches a r e  used to extend the dynamic range of the system. If the 

range switch in either channel i s  activated, then the sixth bit in the binary 

scaler i s  s e t  to read 1; otherwise, a zero.  

the equivalent of 63  channels of analysis. 

ally be analyzing different pulse heights, the counting times required wi l l  

differ. 

All pulses 

As mentioned previously, the 

The range switches ac t  to give 

Since the two channels will gener- 

The outputs of the two Schmidt trigger circuits , one in each channel, 

a r e  combined in an rrorll circuit to provide a signal which (1) s ta r t s  when the 

15-microsecond pulse- stretching interval ends and (2)  ends when the longest 

count is registered. 

gate to maintain the input circuitry in the rcoffll state throughout the combined 

counting intervals.  

This "count gate" pulse is applied to the input squelch 

The count gate pulse is differentiated and i ts  trailing edge is used to 

s t a r t  the readout cycle. 

shot circuit .  

squelch gate. 
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the readout cycle. 

the gating-on of the shift pulse generator. The first shift pulse occurs 30 

milliseconds after counting i s  completed, and subsequent shift pulses occur 

a t  20-millisecond intervals thereafter.  Since a minimum of six shift pulses 

is required, provision i s  included to reset  the 1/4-second one-shot circuit 

when the eighth shift pulse appears to gate-off the shift pulse oscillator. 

Two extra shift pulses a r e  sent in order to assure  that the storage regis ters  

a r e  shifted out completely. The'shift pulse frequency is divided by a factor 

of two in a conventional flip-flop circuit. Providing the flip-flop was in the 

proper state before the first shift pzlse, t h e  sutput v:i?? cmsist  of pulses coin- 

ciding with the even-numbered shift pulses. 

exponential decay wave in the one-shot circuit such that the forth pulse (cor- 

responding to the eighth shift pulse) will drive the cutoff stage into conduction. 

Although this could be accomplished using the shift pulses directly, division 

by two permits a considerably wider latitude in supply voltage and circuit 

parameters.  In a voltage variation test ,  perfect stability was retained over 

a +  30% range of supply voltages. 

An additional function of the one-shot circuit 's output i s  

These a r e  added to the normal 

Figure 1 0  shows the programmer board. This board contains the "or" 

circuit controlling the input gates, the 15-microsecond one-shot multivibrator, 

the 1/4- second gated 50-cps readout multivibrator, the shift pulse generator, 

and the function switch. Figure 11. shows the height-to-time converter board. 

As previosuly mentioned, it is essential that the flip-flop circuit be in 

the proper state when the f i r s t  shift pulse occurs. 

ways the case,  a pulse derived from the leading edge of the "count gate" i s  

applied to one side of the flip-flop to serve a s  a preset pulse. 

To ensure that this is al- 

The output of the shift register is applied through the readout shaper 

to an on-board tape recorder and to the telemetry subcarr ier  oscillator such 

that the signal i s  composed of eight digits which a r e  either 0 or 1. 

reference level i s  used during the time that the shift register is  inoperative. 

Thus, the start of a telemetered message is indicated by a shift in subcarr ier  

oscillator frequency from a reference level to a 0 or  1 followed by a succes- 

sion of 5 additional digits which a r e  either 0 or 1 depending upon the pulse- 

height analysis and, finally, two more  0 's  for check purposes. The binary 

number which is produced by the readout shift register i s  an indication of the 

condition of the 31-channel pulse-height analyzer and the range switch as a 

result  of the particular signal and is thus a measure of pulse height. 

A third 

It i s  this 
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Top View Bottom View 

Figure 10. Programmer Board 
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... 

Top View Bottom View 

Figure 11. Height-to-Time Convertor Board 
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form of data which must be reduced to obtain energy and atomic number of 

the incoming particle. Figure 12  shows the readout board which contains 

the shift regis ter ,  the ser ia l  readout, the crystal  clock, and the readout 

shape r . 
The above i s  a description of the low-energy unit; however, the high- 

energy detector system is identical except that detector 2 acts as a coin- 

cidence crystal  rather than a s  an anticoincidence crystal; i . e . ,  the pulses 

f rom detectors 1 and 3 a r e  analyzed only i f  the particle passes also through 

detector 2. 

3.2 DATA RATE 

Because the information band width of present satellite communication 

systems i s  narrow, it was necessary to  study the techniques for on-board 

computation and storage of the large number of information bits. In the pre- 

sent LAS system design, each cosmic-ray event is characterized by a 14-bit 

data word. 

continuous transmission rate  for radiation would be a minimum of 42 bits per  

minute. 

At the expected rate of 3 to 5 events per minute, the required 

3.3 ANALYSIS AND GROUPING O F  COSMIC RAY PARTICLES 

3.3.1 DETECTION RANGE FOR LOW-ENERGY DETECTOR 

The detection range of the low-energy detector for cosmic ray  pri-  

The de- maries  i s  determined by the physical parameters of the detector. 

tection capability may be obtained from the energy-range tables, Tables 1 

and 2. 

gms/cm . 
will resolve energies for carbon-12 ions between 50 and 200 Mev/nucleon 

and iron-56 ions between 63 and 500 Mev/nucleon. 

less  than 0.269 gm/cm 

cidence requirement between the two cesium-iodide scintillator crystals.  

The particles of range greater than 9 .00  gms/cm 

be rejected through use of the plastic scintillator (see Fig. 3) which is in anti- 

coincidence with the two cesium-iodide crystals. 

The absorption thickness of the total energy scintillator is 13. 53 
2 

From Table 1 it may be determined that the low-energy detector 

All particles with a range 
2 of phenyl-cyclohexane will be rejected by the coin- 

2 
of phenyl-cyclohexane will 

Computation of the data-handling requirements of the system may be 

made by reference to Tables 1 and 2. Consider first the range of pulse heights 
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Top View Bottom View 

Figure 12. Shift Register and Readout Board 
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that will be produced in the energy loss rate scintillator. 

will be produced by a carbon-12 nucleus of 200 Mev/nucleon. 

pulse will be produced by an iron-56 particle of 63 Mev/nucleon. 

tions show that the largest  pulse i s  approximately 43.7 times larger  than the 

smallest  pulse. This dynamic range i s  then divided into 64 increments by the 

pul s e -height analysis s y s tem. 

The smallest  pulse 

The largest  

Calcula- 

For the total energy scintillator in the low-energy system, the small- 

e s t  pulse is p r ~ d u c e d  by a carboz- i2  nuc~eus  of 50 ~ e v / n u c ~ e e n  while t h e  

largest  pulse i s  produced byan iron-56 nucleus of 500 Mev/nucleon. 

tions show the dynamic range to be 56.0 to 1. This range can easily be handled 

by the analysis system. 

Calcula- 

3.3.2 DETECTION RANGE FOR HIGH-ENERGY DETECTOR 

The detection range of the high-energy detection system may be deter-  

mined in a similar way. The absorption thickness of the energy loss ra te  

scintillator is 0.716 gm/cm , since the scintillator is just  twice as  thick (1/16 
inch) as  the corresponding crystal  on the low-energy detector (1/32 inch). The 

smallest  pulse will be produced by a carbon-12 nucleus at 2 Bev/nucleon and 

thelargest  pulse is produced by an iron-56 nucleus at 400 Mev/nucleon. Cal- 

culations show that the largest  pulse is 28. 0 t imes greater than the smallest  

pulse. 

2 

Again the analyzer can easily handle this dynamic range. 

For  the Cerenkovcounter, the smallest pulse is produced by a carbon- 

12 nucleus of 400 Mev/nucleon. 

K (1 - l /n  f3 ), where n is the index of refraction of the material  and f3 is the 

rat io  of the particle velocity to the velocity of light, nP must be 1 1. Because 

n is 1. 5 for Lucite, the Cerenkov radiator material ,  f3 must be greater than 

2/3, o r  0.67. 

of p = 0.71 or 400 Mev/nucleon was chosen as  a suitable value for the minimal 

pulse, in view of the fact that the low-energy detector covers the range up to  

500 Mev/nucleon. The smallest pulse is produced by a carbon-12 nucleus of 

400 Mev/nucleon. The largest  pulse i s  produced by an iron-56 particle of 2.0 

Bev/nucleon. 

pulse is 85 times larger  than the smallest pulse. 

readily be handled by the analysis system. 

Since the Cerenkov pulse has the form of 
2 2  

I 

A particle of 400 Mev/nucleon has a p of 0.71.  Thus, the figure 

I 

1 

I 

I 
This particle has a f3 of 0. 95. Calculations show that the largest  

This dynamic range can 

I 

I LAS- TR- E 16 5 - 7 25 



4. FLIGHT TESTS 

The equipment described above using the cesium iodide scintillators 

and Cerenkov radiators was flown on balloons under contract to the Aeromed- 

ical Field Laboratory of Holloman Air  Force Base. 

tes t  of system operation in the high-altitude (120,  000 f t .  ) environment and al- 

so  provided a means not otherwise available for obtaining a heavy particle 

flux in the energy range for which the instrumentation was designed. 

The flights provided a 

A representative list of recorded events for which assignments could 
L ue i-iiade f rom Oiie of the bailooii flights is given iii Table 3 .  

obtained from a flight f rom International Falls,  Minnesota on 19 August 1959. 
As seen from the table, there were 10 events in the Li, Be, B group, 8 events 

in the C, N, 0, F group, 5 in the Ne, Na, Mg, Al, P, Si, S group and 5 in the 

A, K, Ca  group. No events were obtained f o r  the Fe ,  Co, Ni  group. Consider- 

ing the limited statistics available and the altitude of the flight at this magnetic 

,latitude, the results appear reasonable. 

These eveiits were 

Additional data f rom flights conducted in July and August 1960 have only 

recently been obtained and have not yet been reduced. 
8 The gold-silicon semiconductor detectors were developed too late in the 

program to be used in the balloon flight measurements. As an alternative, per- 

mission was requested and received to  fly units in the Atlas-Able-5B and Ranger 

vehicles for  evaluation in the space environment. To date, no data a r e  available 

f rom tests  conducted in flight. 

Laboratory tes ts  indicate that the detector elements may be fabricated 

in a manner which ensures long-term operation in a high or  low temperature 

vacuum environment. 
1 

It is presently planned to use the equipment developed in breadboard 

under Contract No. NASw-24 in vehicles such as the Mariner se r ies ,  in which 

data-handling and weight capabilities are sufficient to accomodate the instru- 

mentation. The designs a r e  being modified to include silicon circuit elements 

and, where possible, the AuSi detector, to lessen the weight, conserve space, 

and allow operation under more strenuous environments. 

I 

I 

5. SUMMARY 

Contract No. NASw-24 has provided a means for a number of develop- 

ments for  use in f uture spacecraft. These developments include: 

1. Demonstration of the feasibility of a system for the determination 
LAS- TR-E 165-7 26 
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of atomic number and energy of heavy cosmic-ray primaries.  

2. Demonstration of a system fo r  two-dimensional pulse-height anal- 

ysis. 

3. Development of a semiconductor detector device whose potential 

uses include proton range telescopes, direct measurement of dE/dx and E for 

the heavy pr imary component, and as a photodiode for scintillometry. 

4. Development of instrumentation for measurement of the low-energy 

preter, f l i ~  in the energy r a g e  0.5 X e v  a d  rrpward to t h e  exc?uaion of back- 
ground flux containing Y rays and ele,ctrons. 

5 .  Exploration of packaging techniques which have led to  significant re-  

duction in space and weight requirements for electronic systems. 
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